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PARASITE VACCINE 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

This application claims priority to US. Provisional Patent 
Application Ser. No. 60/845,122, ?led Sep. 16, 2006, the 
entire contents of Which are incorporated herein by reference. 

STATEMENT OF FEDERALLY FUNDED 
RESEARCH 

This invention Was made With US. Government support 
under Contract No. R01GM56778-6 awarded by the NIH. 
The government may have certain rights in this invention. 

TECHNICAL FIELD OF THE INVENTION 

The present relates to vaccination against parasites, and 
more particularly, compositions and methods for the thera 
peutic use of FusM protein and portions thereof to vaccinate 
patients and patient populations. 

BACKGROUND OF THE INVENTION 

Without limiting the scope of the invention, its background 
is described in connection With anti-parasitic vaccines. 

Malaria and related parasitic diseases continue to bring 
misery to much of the World’s population. Malaria and related 
parasitic protoZoa cause untold human misery WorldWide. It 
is estimated that over 1 billion people are infected With the 
malaria-causing organism, Plasmodium, and 3 million per 
sons die each year from the disease (Breman et al., 2004). 
Those Who do not die endure long suffering. The disease 
causes billions of dollars in lost productivity. Humans With 
Sleeping Sickness, Chagas disease, Cryptosporidiosis, and 
Toxoplasmosis also suffer greatly. Many people die from the 
diseases, or lose their ability to be productive members of 
their communities. Similarly, these and other parasites annu 
ally kill large numbers of the vertebrates (coWs, sheep, goats, 
sheep, pigs, and chickens) that are human primary food 
sources WorldWide (Roberts and Janovy, 2005). 

Several methods are being used to roll back malaria and 
other of these parasitic diseases, including reduction of insect 
vectors, drugs, and vaccines. None of these are completely 
effective, though, and it is estimated that more humans are 
infected noW With malaria than Were infected 20 years ago. 
One problem With existing vaccines is that they target surface 
antigens of poorly understood or unknoWn function. In addi 
tion, the targets mutate and render the organism resistant to 
the vaccine. Therefore, neW discoveries and neW approaches 
are essential to combat malaria and related parasitic proto 
Zoan diseases. 

SUMMARY OF THE INVENTION 

The present invention includes vaccines, constructions, 
host cells, and vectors that include or express one or more 
protoZoan FusM antigens for use With, e.g., a carrier adapted 
to trigger a FusM-speci?c immune response. The skilled arti 
san may also recogniZe that FusM has been referred to as 
HAP2 (Hapless 2) or GCS1 (generative cell speci?c 1). In one 
embodiment, the present invention is a vaccine having at least 
a portion of a protoZoan FusM mating protein that is immu 
nogenic; and a carrier. The vaccine may also include an adju 
vant, a pharmaceutically acceptable salt, an excipient, a pre 
servative, a binder or a pharmaceutically acceptable liquid. 
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2 
The FusM protein is obtained from a protoZoan that has been 
heat-killed, attenuated, chemically-inactivated, mechanically 
inactivated or combinations thereof, e.g., the FusM protein 
may be recombinant, and the portion of the FusM protein may 
even be selected to trigger a cytotoxic T-cell immune 
response, a humoral immune response, a mucosal immune 
response or a combination thereof. The vaccine may include 
a FusM protein may be lyophiliZed, vacuum-dried, vacuum 
heat-dried, freeZe-sprayed or combinations thereof. 
Examples of carriers for the vaccine include an excipient, an 
adjuvant, an absorption enhancer, a release-rate controlling 
polymer, a stability enhancer, or combinations thereof. In one 
example, the FusM protein is inserted for expression in a 
carrier virus, an attenuated bacterium or an attenuated blood 
stage/sporoZoite. In another example, the FusM protein may 
be inserted as gene or gene fragments that are expressed in a 
carrier virus. The carrier may be an adjuvant selected from 
Complete Freund’s Adjuvant, Incomplete Freund’s Adju 
vant, alum, a carrier virus, high molecular Weight polysac 
charides, glycoproteins, microparticles, liposomes, and com 
binations thereof. 

Examples of protoZoan sources for the vaccine include 
those selected from the group consisting of the Phylum Api 
complexa or the Class Kinetoplastida. More particular 
examples of the sources for the protein, genes and/ or antigen 
include protoZoans selected from the group consisting of the 
Phylum Apicomplexa further de?ned as comprising Babesia 
sp., Cryptosporidium sp., Plasmodium sp., and Toxoplasma 
sp. Plasmodium sp., Plasmodium falciparum, Plasmodium 
vivax, Cryptosporidium parvum, Cryptosporidium hominis, 
Eimeria sp., Eimeria Zenella, Theileria sp., Theileria part/a, 
Toxoplasma sp. and Toxoplasma gondii. Other examples 
include protoZoans selected from the Class Kinetoplastida, 
further de?ned as comprising Trypanosoma brucei subspe 
cies, Trypanosoma cruzi, Leishmania sp., and Leishmania 
major. The vaccine may be formulated for oral, subcutane 
ous, intramuscular, nasal, intrader'mal, pulmonary, intraal 
veolar, intravaginal, intrarectal, intraperitoneal or intrave 
nous administration. Examples of portions of a protoZoan 
FusM mating protein may be selected from SEQ ID NOS 
1-14, or enough contiguous nucleic acids or amino acids to 
generate an immunogenic FusM antigen. 

Another embodiment of the present invention includes a 
method for modulating a protoZoan population by identifying 
a human population in need of reduction in a protoZoan popu 
lation; and vaccinating a majority of the population With a 
vaccine comprising an immunogenic portion of a FusM pro 
tein. Another method of the present invention includes a 
method of providing immunity to a vertebrate ho st by vacci 
nating the host With an antigen comprising a polypeptide that 
causes immunity against a protoZoan FusM protein. The 
immunity may be innate immunity, passive immunity, active 
immunity or a combination thereof. For use With the method, 
the protoZoan is selected from the group consisting of the 
Phylum Apicomplexa or the Class Kinetoplastida, Phylum 
Apicomplexa further de?ned as comprising Babesia sp., 
Cryptosporidium sp., Plasmodium sp., and Toxoplasma sp. 
Plasmodium sp., Plasmodium falciparum, Plasmodium 
vivax, Cryptosporidium parvum, Cryptosporidium hominis, 
Eimeria sp., Eimeria Zenella, Theileria sp., Theileria part/a, 
Toxoplasma sp. and Toxoplasma gondii or even Class Kine 
toplastida, further de?ned as comprising Trypanosoma bru 
cei, T rypanosoma cruzi, Leishmania sp., and Leishmania 
major. The host that is vaccinated may be a human, a dog, a 
cat, a monkey, a horse, a coW, a pig or a chicken. 

Another embodiment of the present invention is a vaccine 
against malaria comprising at least a portion of a protoZoan 
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FusM protein that is immunogenic, wherein the protozoan is 
selected from the group consisting of Plasmodium sp., Plas 
modium falciparum, Plasmodium vivax, and Plasmodium 
berghei, Plasmodium ovale and Plasmodium malariae. 
Another embodiment is a transmission-blocking vaccine that 
includes an amount of an anti-FusM antibody or a fragment 
thereof su?icient to passively block the majority of the mating 
of a protozoan in vivo. The antibody or a fragment thereof is 
administered to a patient in need of passive immunity. The 
present invention also includes an inhibitor of protozoan mat 
ing by providing a medicament (and the use thereof) that 
includes an anti-FusM antibody or fragment thereof. In one 
aspect, the antibody or fragment thereof is disposed in a 
carrier that is suitable for aerosol delivery, immediate release, 
time-release dosage, mixed-release or suitable for release into 
a Water reservoir. 

Another embodiment of the present invention includes a 
method for screening anti-parasitic drugs by obtaining one or 
more FusM mutant proteins; contacting the one or more 
FusM mutant proteins With one or more candidate agents that 
to determine if they inhibit the formation of a FusM complex, 
and further isolating and characterizing the candidate agents 
for those that prevent gamete formation of parasites. The 
method may also include the step of testing the one or more 
candidate agents for toxicity in vertebrates. The method may 
also include the step of testing the one or more candidate 
agents for toxicity in humans. The method may also include 
the step of characterizing the molecular structure of the one or 
more candidate agents. 

Yet another embodiment of the present invention includes 
a live-attenuated mutant protozoan vaccine comprising a pro 
tozoan that is blocked developmentally phenotypically or 
chemically at the gamete phase, such that the host raises 
immunity to the FusM protein. Other embodiment includes 
an isolated nucleic acid molecule, the complementary 
sequence of Which hybridizes fully, under highly stringent 
conditions (aqueous buffer, 65° C.) to the nucleotide 
sequences set forth in SEQ ID NO: 1 to 14, Wherein the 
nucleic acid molecule encodes a protozoan mating protein 
antigen, Wherein the protozoan mating protein antigen 
encodes a protein that triggers an immune response in a 
mammal, or even an isolated nucleic acid molecule that 
encodes a FusM mating protein comprising the nucleotide 
sequence of SEQ ID NO: 11 to 20. The isolated nucleic acid 
molecule comprising a nucleotide sequence Which encodes a 
protein comprising the amino acid sequence of SEQ ID 
NOS.: 1-14 or the amino acid expressed therefrom. Another 
embodiment of the present invention is an expression vector 
comprising the isolated nucleic acid molecule of SEQ ID 
NOS.: 1 to 14, operably linked to a promoter. Another 
embodiment is a recombinant vector, transformed or trans 
fected With the isolated nucleic acid molecule of SEQ ID 
NOS.: 1 to 14 or the amino acid expressed therefrom. The 
recombinant vector is further de?ned as a live, attenuated 
virus, bacterium or protozoan vector; a heat-killed virus, bac 
terium or protozoan vector; a chemically inactivated virus, 
bacterium or protozoan vector; a mechanically inactivated 
virus, bacterium or protozoan vector; or combinations 
thereof. 

BRIEF DESCRIPTION OF THE DRAWINGS 

For a more complete understanding of the features and 
advantages of the present invention, reference is noW made to 
the detailed description of the invention along With the 
accompanying ?gures and in Which: 

20 

25 

30 

35 

40 

50 

55 

60 

65 

4 
FIGS. 1A to IE. FusM is required for fertilization in 

Chlamydomonas and phylogenetically conserved in many 
eukaryotes. (FIG. 1A) Differential interference contrast 
microscopy (DIC) images of (left panel) a quadri?agellated 
zygote formed from fusion of a Wt female gamete With a Wt 
male gamete and (right panel) a Wt female gamete undergoing 
?agellar adhesion With a 63B10 male, but failing to fuse. 
(FIG. 1B) Structure of the FusM gene and location of the 
aphVIII plasmid. (FIG. 1C) PCR using primers p1/p2 and 
p1-p17 shoWing the absence of intact FusM in 63B10 
gametes and its reappearance in several 63B10 gametes res 
cued for fusion With the Wt FusM gene. (FIG. 1D) Large 
aggregates of zygotes Were present only in mixtures of Wt 
female and male gametes and Wt female and 63B10 male 
gametes rescued With the Wt FusM gene (63B10-C9). (FIG. 
1E) Phylogenetic tree illustrating the relationships of FusM 
proteins from several species. (FIG. 1F) Alignment of tWo 
conserved regions of FusMs from several species (SEQ ID 
NOs.: 1-14, respectively). Positions With conserved cysteines 
are inblackbackground, other conservedpositions are in gray 
background. Uncharged residues in positions With mainly 
hydrophobic residues are in yelloW background. Residues in 
long loops are not shoWn in this ?gure and are replaced by 
brackets that indicate the number of residues in the loop. The 
numbers of beginning and ending residues for the regions are 
shoWn. See Table S1 for the full alignments of the proteins. 

FIGS. 2A to 2F. FusM is essential for sexual development 
and mosquito transmission of R berghei. (FIG. 2A) Structure 
of the Plasmodium FusM gene and gene replacement con 
struct. Short arroWs indicate oligonucleotides used for PCR 
genotyping. (FIG. 2B) Southern hybridization of EcoRI-di 
gested genomic DNA using the 5' targeting sequence as a 
probe. ArroWheads indicate diagnostic 2.8 kb (Wt) and 5.0 kb 
(FusM) bands. (FIG. 2C) Diagnostic PCR With genomic 
DNA templates and oligonucleotides 525/526 to test for the 
presence of FusM, and oligonucleotides 524/70 to detect a 
unique 1 kb product across the integration site. (FIG. 2D) 
RT-PCR detection of FusM transcript in parasite lines and 
stages (the expected larger product from genomic DNA 
includes one intron). (FIG. 2E) Representative images of 
midguts from A. slephensi mosquitoes 10 d after feeding on 
Wt and fusm infected mice (scale bar, 100 um) and bar chart 
shoWing average numbers of oocysts per gut (error 
bar:s.e.m., n:47 Wt or fusm-exposed mosquitoes from 3 
independent experiments). The overall prevalence of infec 
tion Was 87% for Wt, and 0% for fusm. (FIG. 2F) Immunof 
luorescence images of live 20 h Plasmodium cultures immu 
nostained for the macrogamete/zygote marker P28 as 
described (24). Elongate ookinetes (asterisks) Were absent 
from the fusm mutant (scale bar, 10 pm), which possessed 
only round macrogametes. The bar chart shoWs ookinete 
conversion rates for Wt and fusm clone 8. Conversion rate is 
expressed as the percentage of P28-positive parasites that had 
progressed to the ookinete stage (error bar:s.d.; n:3). 

FIGS. 3A to 3F. FusM is present at the surface of the male 
mating structure in Chlamydomonas and has a male-speci?c 
function late in fertilization in both Chlamydomonas and 
Plasmodium. (FIG. 3A) Unlike Chlamydomonas fusm males, 
Which failed to fuse When mixed With Wt females, Chlamy 
domonas fusm females Were capable of fusion With Wt males 
(see Methods for strategy used to generate females missing 
the Wt FusM and containing only the mutant fusm). The upper 
panel shoWs Southern hybridization of Wt and mutant strains, 
documenting that the fusm females contained only the dis 
rupted FusM gene. The upper, Wt FusM NotI fragment is 5.3 
kb and the loWer fragment from the 63B 1 0 allele is 1.3 kb. The 
loWer panel shoWs the percent of the indicated gametes that 



US 8,2l6,593 B2 
5 

fused When mixed With Wt gametes of the opposite sex. (FIG. 
3B) In vitro malaria ookinete conversion analysis demon 
strates that the Plasmodium fusm mutant shows productive 
cross-fertilization With the nek4 sterility mutant, Which pro 
duces functional males only, and not With cdpk4, Which pro 
duces functional females only (errorbaFsd; n:3). The ooki 
nete conversion rates are about half that of Wt, because only 
50% of the female gametes are competent to be fertilized. 
(FIG. 3C) Chlamydomonas FusM functions after gamete 
activation. 63Bl0 gametes Were incubated With Wt females, 
?agella isolated from Wt females, db-cAMP, or medium (con 
trol) and the percent of cells that Were activated Was deter 
mined by measuring cell Wall loss. (FIG. 3D) Immunoblot 
ting With an anti-HA antibody documents that 63Bl0 cells 
rescued With HA-tagged FusM expressed FusM-HA protein 
only in the gamete phase of their life cycle. (FIG. 3E) Immu 
noblotting With anti-HA antibody shoWs that the upper form 
of FusM-HA on live FusM-HA gametes Was sensitive to 
treatment With 0.01% tryp sin for 20 min at room temperature. 
(FIG. 3F) Anti-HA immunostaining combined With DIC 
microscopy of FusM-HA gametes shoWs that FusM-HA is 
expressed betWeen the tWo ?agella at the site of the male 
mating structure. 

FIGS. 4A to 4C. FusM functions in the gamete fusion 
reaction doWnstream of gamete membrane adhesion. (FIG. 
4A) Activated live 63Bl0 gametes, like activated live Wt 
males, adhered via their mating structures to activated, ?xed, 
?uorescently tagged imp2 females, Which are incapable of 
?agellar adhesion (upper panel, differential interference 
microscopy; loWer panel, ?uorescence; arroWheads indicate 
the imp2 females). The percent (+/—s.e.m.) of imp2 gametes 
forming pairs When mixed With an excess of activated 63B 1 0 
or Wt males is shoWn beloW the ?gure (average from 2 inde 
pendent experiments; n:l50-200 imp2 cells examined in 
each). Similar results Were obtained When the agglutinin 
mutant imp5 Was used (not shoWn). BetWeen 0 and 6% pairs 
Were detected in controls in Which activated live imp2 
gametes Were mixed With the ?xed imp2 gametes (not 
shoWn). (FIG. 4B) FusM is essential for membrane merger. 
The plasma membranes of activated female gametes Were 
labeled With the ?uorescent lipid PKH26, mixed With Wt or 
63Bl0 male gametes, and the live cells Were examined by 
epi?uorescence and DIC microscopy. (FIG. 4C) E?iciency of 
ex?agellation, gamete adhesion and gamete fusion in Wt, 
p48/ 45, and fusm strains of Plasmodium (error baFs.d.; n:3 
experiments, each examining 100 gametocytes). 

FIG. 5 shoWs the results of vaccination using the CrFusM 
antigen. Puri?ed antibody against CrFusM stains recombi 
nant FusM protein ef?ciently on immunoblots. Recombinant 
CrFusM protein Was puri?ed With Ni-NTA a?inity column 
and loaded With increasing amounts on SDS-PAGE. 

FIG. 6 the vaccine generated an immune response. Immu 
noblots shoW that puri?ed anti-CrFusM antibodies immuno 
precipitate endogenous FusM-HA protein. Chlamydomonas 
gametes of Wild-type strain (Wt) or strains expressing Fusl 
HA (HA tagged Fusl protein, a negative control) or FusM 
HA Were lysed and used for immunoprecipitation assay. 
Lysates Were immunoprecipitated With puri?ed anti-CrFusM 
antibodies and the immunoprecipitates Were stained With 
anti-HA monoclonal antibody (Roach) on immunoblots. 
Only FusM-HA protein Was immunoprecipitated by anti 
CrFusM antibodies (tWo isoforms of FusM-HA shoWn With 
tWo arroWs) and not Fusl-HA. 

FIG. 7 shoWs the results of vaccinating a mouse. Immuno 
blots shoW that antiserum from mice injected With FusM 
protein for monoclonal antibody production recogniZes 
recombinant CrFusM protein. 
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6 
FIG. 8 is a Western blot of PbFusDomA and PbFusDomB 

expressed in pET46b and E. coli BL21 (DE3) pMico using 
anti-His6 probe. 1; PbFusDomA expressed from total E. coli 
cell lysate, 2; PbFusDomB expressed from total cell lysate. 

FIG. 9 shoWs the vaccination results as measured With a 
blot demonstrating serum response to recombinant PbFus 
DomA after ?rst boost. l; Sera from Mouse 1 (l in 50) 2; Sera 
from Mouse 2 (l in 50), 3; Sera from Mouse 3 (l in 50), 4; 
Sera from Mouse 4 (l in 50), 5; Sera from Mouse 5 (l in 50), 
6; negative controlipre-immune serum (1 in 50). 7; positive 
controliAnti His6-probe (l in 5000). 

FIG. 10 is a Western blot using sera from mice vaccinated 
With the PbFusDomA antigen. The Western blot demonstrat 
ing mouse 2A response to recombinant PbFusDomA. l; Sera 
from Mouse 1 (l in 200) 2; negative controlipre-immune 
serum (1 in 50). 

DETAILED DESCRIPTION OF THE INVENTION 

While the making and using of various embodiments of the 
present invention are discussed in detail beloW, it should be 
appreciated that the present invention provides many appli 
cable inventive concepts that can be embodied in a Wide 
variety of speci?c contexts. The speci?c embodiments dis 
cussed herein are merely illustrative of speci?c Ways to make 
and use the invention and do not delimit the scope of the 
invention. 

To facilitate the understanding of this invention, a number 
of terms are de?ned beloW. Terms de?ned herein have mean 
ings as commonly understood by a person of ordinary skill in 
the areas relevant to the present invention. Terms such as “a”, 
“an” and “the” are not intended to refer to only a singular 
entity, but include the general class of Which a speci?c 
example may be used for illustration. The terminology herein 
is used to describe speci?c embodiments of the invention, but 
their usage does not delimit the invention, except as outlined 
in the claims. 
A number of vaccines have a short shelf life and must be 

stored at refrigeration temperatures. Optimally, a vaccine 
should have a long shelf life When stored at room tempera 
tures, hoWever, live vaccines tend to require storage at cold 
temperatures (even When the vaccine is lyophiliZed), due to 
the fact that the number of viable vaccine units drops With 
prolonged storage at Warmer temperatures. While killed or 
dead vaccines are more stable than live vaccines, live attenu 
ated vaccines are more often used for intestinal vaccination 
due to the long-term, residual immunity that they provide and 
the loW infectivity of the vaccine. 

In general, only a feW vaccines are administered orally, the 
only commonly used oral vaccine is the attenuated polio 
virus. While the attenuated virus may be killed by acid con 
ditions in the stomach, the vaccine has been formulated in a 
manner that su?icient viable virus particles pass through the 
stomach to be active in the small intestine. 
As used herein, the term “antigen” refers to a molecule 

With one or more epitopes that stimulate a host’s immune 
system to make a secretory, humoral and/or cellular antigen 
speci?c response against FusM (also knoWn as HAP2 (Hap 
less 2) or GCSl (generative cell speci?c 1)), or to a DNA 
molecule that is capable of producing such an antigen in a 
vertebrate. The term is also used interchangeably With 
“immunogen.” For example, a speci?c antigen can be com 
plete protein, portions of a protein, peptides, fusion proteins, 
glycosylated proteins and combinations thereof. For use With 
the present invention, one or more FusM antigens (native 
protein or protein fragment), may be provided directly or as 
part of a recombinant nucleic acid expression system to pro 
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vide an antigenic FusM product to trigger a host immune 
response. The FusM antigen may further be a DNA molecule 
Which produces the FusM antigen in the host. 
As used herein, the term “gene” refers to a functional 

protein, polypeptide or peptide-encoding nucleic acid unit, 
e.g., the FusM encoding nucleic acids. As Will be understood 
by those in the art, this functional term includes genomic 
sequences, cDNA sequences, probes, oligonucleotides or 
fragments thereof (and combinations thereof), as Well as gene 
products, including those that may have been designed and/ or 
altered by the user. Puri?ed genes, nucleic acids, protein and 
the like are used to refer to these entities When identi?ed and 
separated from at least one contaminating nucleic acid or 
protein With Which it is ordinarily associated. 
As used herein, the term “host cell” refers to cells that have 

been engineered to contain nucleic acid segments or altered 
segments, Whether archeal, prokaryotic, or eukaryotic. Thus, 
engineered, or recombinant cells, are distinguishable from 
naturally occurring cells that do not have the recombinantly 
introduced genes. In one speci?c example of the present 
invention, the host cell has been modi?ed by the introduction 
of exogenous nucleic acids that alter the expression of FusM, 
e.g., introduce a non-binding mutant of FusM. Alternatively, 
the host cell is a Wild-type protoZoan that has been mutated to 
express a mutant form of the FusM protein or to block the 
protoZoan in a “mating state”, e.g., a Plasmodium sp. that is 
non-pathogenic in humans that over-expresses the FusM and/ 
or the FusM target for the vaccine of the present invention. 
As used herein, the expressions “cell” and “cell culture” 

are used interchangeably and all such designations include 
progeny. Thus, the Words “transformants” and “transformed 
cells” include the primary subject cell and cultures derived 
therefrom Without regard for the number of transfers. It is also 
understood that all progeny may not be precisely identical in 
DNA content, due to deliberate or inadvertent mutations. 
Mutant progeny that have the same function or biological 
activity as screened for in the originally transformed cell are 
included. Different designations for the type and source for a 
cell, e. g., protoZoan, prokaryotic, etc., Will be clear to those of 
skill in the art from the designation of the cell Within the 
context of the discussion and the examples of the present 
invention. 
As used herein, the term “plasmids” refers to extrachromo 

somal, at least partially self-replicating nucleic acids. Plas 
mids are designated by a loWer case p preceded and/or fol 
loWed by capital letters and/ or numbers that name the 
plasmid. Many plasmids are commercially available, are pub 
licly available on an unrestricted basis, or can be constructed 
from such available plasmids in accord With published pro 
cedures. In addition, other equivalent plasmids are knoWn in 
the art and Will be apparent to the ordinary artisan. 
As used herein, the term “protein-protein complex” or 

“protein complex” refers to an association of more than one 
protein. The proteins of the complex may be associated by a 
variety of methods, or by any combination of methods, 
including but not limited to functional, stereochemical, con 
formational, biochemical, or electrostatic association. It is 
intended that the term encompass associations of any number 
of proteins. 
As used herein, the terms “protein”, “polypeptide” and 

“peptide” refer to compounds comprising amino acids joined 
via peptide bonds and are used interchangeably. 
As used herein, the term “transformation,” refers to a pro 

cess by Which exogenous DNA enters and changes a recipient 
cell. It may occur under natural or arti?cial conditions using 
various methods Well knoWn in the art. Transformation may 
rely on any knoWn method for the insertion of foreign nucleic 
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8 
acid sequences into a prokaryotic or eukaryotic host cell. The 
method is selected based on the host cell being transformed 
and may include, but is not limited to, viral infection, elec 
troporation, lipofection, and particle bombardment. Such 
“transformed” cells include stably transformed cells in Which 
the inserted DNA is capable of replication either as an autono 
mously replicating plasmid or as part of the host chromo 
some. 

As used herein, the term “transfection” refers to the intro 
duction of foreign DNA into eukaryotic cells. Transfection 
may be accomplished by a variety of means knoWn to the art 
including, e.g., calcium phosphate-DNA co-precipitation, 
DEAE-dextran-mediated transfection, polybrene-mediated 
transfection, electroporation, microinjection, liposome 
fusion, lipofection, protoplast fusion, retroviral infection, and 
biolistics. Thus, the term “stable transfection” or “stably 
transfected” refers to the introduction and integration of for 
eign DNA into the genome of the transfected cell. The term 
“stable transfectant” refers to a cell Which has stably inte 
grated foreign DNA into the genomic DNA. The term also 
encompasses cells Which transiently express the inserted 
DNA or RNA for limited periods of time. Thus, the term 
“transient transfection” or “transiently transfected” refers to 
the introduction of foreign DNA into a cell Where the foreign 
DNA fails to integrate into the genome of the transfected cell. 
The foreign DNA persists in the nucleus of the transfected 
cell for several days. During this time the foreign DNA is 
subject to the regulatory controls that govern the expression 
of endogenous genes in the chromosomes. The term “tran 
sient transfectant” refers to cells Which have taken up foreign 
DNA but have failed to integrate this DNA. 
As used herein, the term “selectable marker” refers to the 

use of a gene that encodes an enzymatic activity and Which 
confers the ability to groW in medium lacking What Would 
otherWise be an essential nutrient (e. g., the HIS3 gene in yeast 
cells); in addition, a selectable marker may confer resistance 
to an antibiotic or drug upon the cell in Which the selectable 
marker is expressed. A revieW of the use of selectable markers 
in mammalian cell lines is provided in Sambrook, 1., et al., 
MOLECULAR CLONING: A LABORATORY MANUAL, 2nd ed., Cold 
Spring Harbor Laboratory Press, NeW York (1989) pp. 16.9 
1 6. l 5. 
As used herein, the term “vector” is used in reference to 

nucleic acid molecules that transfer DNA segment(s) from 
one cell to another. The term “vehicle” is sometimes used 
interchangeably With “vector.” The term “vector” as used 
herein also includes expression vectors in reference to a 
recombinant DNA molecule containing a desired coding 
sequence and appropriate nucleic acid sequences necessary 
for the expression of the operably linked coding sequence in 
a particular host organism. Nucleic acid sequences necessary 
for expression in prokaryotes or eukaryotes usually include a 
promoter, an operator (optional), and a ribosome binding site, 
often along With other sequences. Eukaryotic cells are knoWn 
to use promoters, enhancers, and termination and polyadeny 
lation signals. Another, and different, Way in Which the term 
“vector,” is used herein refers to the insect or other host that 
serves to deliver a parasite betWeen organisms, e. g., mosqui 
toes are common “vectors” for parasites that are transmitted 
betWeen humans or animals via the mosquito “vector.” Other 
vectors include, e. g., ?eas, mites, ?ies and the like, as Will be 
knoWn to those of skill in the art. Finally, the term “vector” 
may be used to describe the use of a carrier or other delivery 
system or organism to deliver the antigen(s) of the present 
invention to a host in order to trigger an immune response as 
part of a vaccine. Non-limiting examples of these vaccine 
vectors include viruses, bacteria, protoZoans, cells (e.g., 
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homologous or heterologous), etc., Which may be live, live 
attenuated, heat-killed, mechanically-killed, chemically 
killed, recombinant (e.g., peptides, proteins and the like), as 
Will be knoWn to those skilled in the art of vaccine prepara 
tion. The skilled artisan Will readily recognize the type of 
“vector” to Which this speci?cation and claims refer based on 
the description of the materials and methods used and 
described herein. 
As used herein, the term “amplify”, When used in reference 

to nucleic acids refers to the production of a large number of 
copies of a nucleic acid sequence by any method knoWn in the 
art. Ampli?cation is a special case of nucleic acid replication 
involving template speci?city. Template speci?city is fre 
quently described in terms of “target” speci?city. Target 
sequences are “targets” in the sense that they are sought to be 
sorted out from other nucleic acid. Ampli?cation techniques 
have been designed primarily for this sorting out. 
As used herein, the term “primer” refers to an oligonucle 

otide, Whether occurring naturally as in a puri?ed restriction 
digest or produced synthetically, Which is capable of acting as 
a point of initiation of synthesis When placed under condi 
tions in Which synthesis of a primer extension product Which 
is complementary to a nucleic acid strand is induced, (i.e., in 
the presence of nucleotides and an inducing agent such as 
DNA polymerase and at a suitable temperature and pH). The 
primer may be single stranded for maximum ef?ciency in 
ampli?cation but may alternatively be double stranded. If 
double stranded, the primer is ?rst treated to separate its 
strands before being used to prepare extension products. The 
primer must be suf?ciently long to prime the synthesis of 
extension products in the presence of the inducing agent. The 
exact lengths of the primers chosen Will depend on many 
factors, including temperature, source of primer and the use 
of the method. 
As used herein, the term “probe” refers to an oligonucle 

otide (i.e., a sequence of nucleotides), Whether occurring 
naturally as in a puri?ed restriction digest or produced syn 
thetically, recombinantly or by PCR ampli?cation, Which is 
capable of hybridizing to another oligonucleotide of interest. 
A probe may be single-stranded or double-stranded. Probes 
are useful in the detection, identi?cation and isolation of 
particular gene sequences. It is contemplated that any probe 
used in the present invention Will be labeled With any 
“reporter molecule,” so that is detectable in any detection 
system, including, but not limited to enzyme (e.g. ELISA, as 
Well as enzyme-based histochemical assays), ?uorescent, 
radioactive, and luminescent systems. It is not intended that 
the present invention be limited to any particular detection 
system or label. 
As used herein, the term “target” When used in reference to 

the polymerase chain reaction, refers to the region of nucleic 
acid bounded by the primers used for polymerase chain reac 
tion. Thus, the “target” is sought to be sorted out from other 
nucleic acid sequences. A “segment” is de?ned as a region of 
nucleic acid Within the target sequence. 
As used herein, the term “polymerase chain reaction” 

(“PCR”) refers to the method of K. B. Mullis U.S. Pat. Nos. 
4,683,195, 4,683,202, and 4,965,188, hereby incorporated by 
reference, Which describe a method for increasing the con 
centration of a segment of a target sequence in a mixture of 
genomic DNA Without cloning or puri?cation. This process 
for amplifying the target sequence consists of introducing a 
large excess of tWo oligonucleotide primers to the DNA mix 
ture containing the desired target sequence, folloWed by a 
precise sequence of thermal cycling in the presence of a DNA 
polymerase. The tWo primers are complementary to their 
respective strands of the double stranded target sequence. To 
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10 
effect ampli?cation, the mixture is denatured and the primers 
then annealed to their complementary sequences Within the 
target molecule. FolloWing annealing, the primers are 
extended With a polymerase so as to form a neW pair of 

complementary strands. The steps of denaturation, primer 
annealing and polymerase extension can be repeated many 
times (i.e., denaturation, annealing and extension constitute 
one “cycle”; there can be numerous “cycles”) to obtain a high 
concentration of an ampli?ed segment of the desired target 
sequence. The length of the ampli?ed segment of the desired 
target sequence is determined by the relative positions of the 
primers With respect to each other, and therefore, this length 
is a controllable parameter. By virtue of the repeating aspect 
of the process, the method is referred to as the “polymerase 
chain reaction” (hereinafter “PCR”). Because the desired 
ampli?ed segments of the target sequence become the pre 
dominant sequences (in terms of concentration) in the mix 
ture, they are said to be “PCR ampli?ed”. With PCR, it is 
possible to amplify a single copy of a speci?c target sequence 
in genomic DNA to a level detectable by several different 
methodologies (e.g., hybridization With a labeled probe; 
incorporation of biotinylated primers folloWed by avidin 
enzyme conjugate detection; incorporation of 32P-labeled 
deoxynucleotide triphosphates, such as DCTP or DATP, into 
the ampli?ed segment). In addition to genomic DNA, any 
oligonucleotide sequence can be ampli?ed With the appropri 
ate set of primer molecules. In particular the ampli?ed seg 
ments created by the PCR process itself are, themselves, 
e?icient templates for subsequent PCR ampli?cations. 
As used herein, the term “immunological response” refers 

to a composition or vaccine that includes a FusM antigen and 
that triggers in the host a cellular- and/or antibody-mediated 
immune response to FusM-derived antigens. Usually, such a 
response may include antibody production (e.g., in the intes 
tinal tract, from germinal centers in lymph nodes, etc.), B cell 
proliferation, helper T cells, cytotoxic T cell proliferation, 
Natural Killer activation speci?cally to FusM antigen or anti 
gens against the FusM target itself and/or ?uids, secretions, 
tissues, cells or hosts infected thereWith. 
As used herein, the terms “vaccine composition” or “vac 

cine” refer to a FusM antigen that is used to stimulate the 
immune system of a vertebrate, e. g., a bird, a ?sh, a mammal, 
or even a human, so that current harm is alleviated, or protec 
tion against future harm is provided by an adaptive immune 
response. An immune response may also be provided pas 
sively, by transferring immune protection (e.g., antibodies) 
from one “immunized” host to the recipient that has not been 
challenged by the antigen and/or is unable to generate an 
immune response to the antigen. An immune response may 
also carry from the host into the vector, Wherein the antibod 
ies that are ingested by the vector along With the parasites 
block parasite mating. 
As used herein, the term “immunization” refers to the 

process of inducing a continuing protective level of antibody 
and/or cellular immune response Which is directed against a 
FusM antigen, either before or after exposure of the host to 
FusM. 
As used herein, the term “homology” refers to the extent to 

Which tWo nucleic acids are complementary. There may be 
partial or complete homology. A partially complementary 
sequence is one that at least partially inhibits a completely 
complementary sequence from hybridizing to a target nucleic 
acid and is referred to using the functional term “substantially 
homologous.” The degree or extent of hybridization may be 
examined using a hybridization or other assay (such as a 
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competitive PCR assay) and is meant, as Will be known to 
those of skill in the art, to include speci?c interaction even at 
loW stringency. 
A nucleic acid having a sequence that is “substantially 

homologous” to a FusM antigen of SEQ ID NOzX” is de?ned 
herein as an oligonucleotide sequence that exhibits greater 
than or equal to 75, 80, 85, 90 or 95% identity to the sequence 
of SEQ ID NO:X When sequences having a length of 20, 50, 
100 bp or larger are compared. The equivalent term may be 
used to describe an amino acid sequence, that is, that a 
sequence may be “substantially homologous” at the amino 
acid level. 
As used herein, the terms “altered”, or “alterations” or 

“modi?ed” refer to nucleic acid or amino acid sequences and 
includes changes such as insertions, deletions, substitutions, 
fusions With related or unrelated sequences, such as might 
occur by the hand of man, or those that may occur naturally 
such as polymorphisms, alleles and other structural types that 
lead to an antigenic or immunogenic peptide or protein that is 
substantially homologous or identical to a parasitic FusM. 
Alterations encompass genomic DNA and RNA sequences 
that may differ With respect to their hybridization properties 
using a given hybridization probe. Alterations of polynucle 
otide sequences for FusM, or fragments thereof, include those 
that increase, decrease, or have no effect on functionality. 
Alterations of polypeptides refer to those that have been 
changed by recombinant DNA engineering, chemical, or bio 
chemical modi?cations, such as amino acid derivatives or 
conjugates, or post-translational modi?cations. 
As used herein, the term “immunogen” refers to a antigen 

that is capable of initiating lymphocyte activation resulting in 
an antigen-speci?c immune response. An immunogen there 
fore includes any molecule Which contains one or more 
epitopes that Will stimulate a host’s immune system to initiate 
a secretory, humoral and/or cellular antigen-speci?c 
response. 
As used herein, the term “antibody” refers to polyclonal 

and monoclonal antibody preparations, as Well as prepara 
tions including hybrid antibodies, altered antibodies, F(ab')2 
fragments, F(ab) fragments, Fv fragments, single domain 
antibodies, chimeric antibodies, humanized antibodies, and 
functional fragments thereof Which exhibit immunological 
binding properties of the parent antibody molecule. 
As used herein, the term “monoclonal antibody” refers to 

an antibody composition having a homogeneous antibody 
population. The term is not limited regarding the species or 
source of the antibody, nor is it intended to be limited by the 
manner in Which it is made. The term encompasses Whole 
immunoglobulins as Well as fragments such as Fab, F(ab')2, 
Fv, and other fragments that exhibit immunological binding 
properties of the parent monoclonal antibody molecule. 

Methods of making polyclonal and monoclonal antibodies 
are knoWn in the art. Polyclonal antibodies are generated by 
immunizing a suitable animal, such as a mouse, rat, rabbit, 
sheep or goat, With an antigen of interest. In order to enhance 
immunogenicity, the antigen can be linked to a carrier prior to 
immunization. Suitable carriers are typically large, sloWly 
metabolized macromolecules such as proteins, polysaccha 
rides, polylactic acids, polyglycolic acids, polymeric amino 
acids, amino acid copolymers, lipid aggregates (such as oil 
droplets or liposomes), and inactive virus particles. Such 
carriers are Well knoWn to those of ordinary skill in the art. 
Furthermore, the antigen may be conjugated to a bacterial 
toxoid, such as toxoid from diphtheria, tetanus, cholera, etc., 
in order to enhance the immunogenicity thereof. Rabbits, 
sheep, mice, rats, hamsters, horses, coWs and goats are often 
used for the preparation of polyclonal sera When large vol 
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umes of sera are desired. These animals are good design 
choices also because of the availability of labeled anti-host 
antibodies. Immunization is performed by mixing or emulsi 
fying the antigen in saline, preferably in an adjuvant such as 
Complete Freund’s Adjuvant (“CFA”) and injected. The ani 
mal is boosted 2-6 Weeks later With one or more injections of 
the antigen in saline, often With the antigen emulsi?ed With 
Incomplete Freund’s adjuvant (“IFA”). Antibodies may also 
be generated by in vitro immunization, using methods knoWn 
in the art. Polyclonal antisera is then obtained from the immu 
nized animal. 

Monoclonal antibodies are generally prepared using the 
method of Kohler and Milstein, Nature (1975) 256:495-497, 
or a modi?cation thereof. Typically, a mouse, hamster, 
huMouse or rat is immunized as described above. HoWever, 
rather than bleeding the animal to extract serum, the spleen 
(and optionally several large lymph nodes) is removed and 
dissociated into single cells. If desired, the spleen cells may 
be screened (after removal of non-speci?cally adherent cells) 
by applying a cell suspension to a plate or Well coated With the 
antigen. B-cells, expressing membrane-bound immunoglo 
bulin speci?c for the antigen, Will bind to the plate, and are not 
rinsed aWay With the rest of the suspension. Resulting B-cells, 
or all dissociated spleen cells, are then induced to fuse With 
myeloma cells to form hybridomas, and are cultured in a 
selective medium (e.g., hypoxanthine, aminopterin, thymi 
dine medium, “HAT”). The resulting hybridomas are plated 
by limiting dilution, and are assayed for the production of 
antibodies Which bind speci?cally to the immunizing antigen 
(and Which do not bind to unrelated antigens). The selected 
monoclonal antibody- secreting hybridomas are then cultured 
either in vitro (e.g., in tissue culture bottles or holloW ?ber 
reactors), or in vivo (e.g., as ascites in mice). 
As used herein, the terms “antigen-binding site” or “bind 

ing portion” refer to the part of the immunoglobulin molecule 
that participates in antigen binding. The antigen binding site 
is formed by amino acid residues of the N-terminal variable 
(“V”) regions of the heavy (“H”) and light (“L”) chains. Three 
highly divergent stretches Within the V regions of the heavy 
and light chains are referred to as “hypervariable regions” 
Which are interposed betWeen more conserved ?anking 
stretches knoWn as “framework regions,” or “FRs”. Thus the 
term “FR” refers to amino acid sequences Which are naturally 
found betWeen and adjacent to hypervariable regions in 
immunoglobulins. In an antibody molecule, the three hyper 
variable regions of a light chain and the three hypervariable 
regions of a heavy chain are disposed relative to each other in 
three dimensional space to form an antigen-binding surface. 
The antigen-binding surface is complementary to the three 
dimensional surface of a bound antigen, and the three hyper 
variable regions of each of the heavy and light chains are 
referred to as “complementarity-determining regions,” or 
“CDRs.” 
As used herein, the terms “immunological binding,” and 

“immunological binding properties” refer to the non-covalent 
interactions of the type Which occur betWeen an immunoglo 
bulin molecule and an antigen for Which the immunoglobulin 
is speci?c. The strength, or af?nity of immunological binding 
interactions can be expressed in terms of the dissociation 
constant (Kd) of the interaction, Wherein a smaller Kd repre 
sents a greater a?inity. Immunological binding properties of 
selected polypeptides can be quanti?ed using methods Well 
knoWn in the art. One such method entails measuring the rates 
of antigen-binding site/antigen complex formation and dis 
sociation, Wherein those rates depend on the concentrations 
of the complex partners, the a?inity of the interaction, and on 
geometric parameters that equally in?uence the rate in both 
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directions. Thus, both the “on rate constant” (KM) and the 
“off rate constant” (K017) can be determined by calculation of 
the concentrations and the actual rates of association and 
dissociation. The ratio of K017! K0” enables cancellation of all 
parameters not related to af?nity, and is thus equal to the 
dissociation constant Kd. See, generally, Davies et al. (1990) 
Annual Rev. Biochem. 59:439-473. 
As used herein, the term “Fab',” refers to a polypeptide that 

is a heterodimer of the variable domain and the ?rst constant 
domain of an antibody heavy chain, plus the variable domain 
and constant domain of an antibody light chain, plus at least 
one additional amino acid residue at the carboxy terminus of 
the heavy chain C H1 domain including one or more cysteine 
residues. F(ab')2 antibody fragments are pairs of Fab‘ anti 
body fragments Which are linked by a covalent bond(s). The 
Fab' heavy chain may include a hinge region. This may be any 
desired hinge amino acid sequence. Alternatively the hinge 
may be entirely omitted in favor of a single cysteine residue 
or, a short (about 1-10 residues) cysteine-containing polypep 
tide. In certain applications, a common naturally occurring 
antibody hinge sequence (cysteine folloWed by tWo prolines 
and then another cysteine) is used; this sequence is found in 
the hinge of human IgG1 molecules (E. A. Kabat, et al., 
Sequences of Proteins of Immunological Interest 3rd edition 
(National Institutes of Health, Bethesda, Md., 1987)). In other 
embodiments, the hinge region is selected from another 
desired antibody class or isotype. In certain preferred 
embodiments of this invention, the C-terminus of the C H1 of 
Fab' is fused to the sequence Cys X X (X preferably is Ala, 
although it may be any other residue such as Arg, Asp, or Pro; 
one or both X amino acid residues may be deleted). 
As used herein, the term “hinge region” refers to an amino 

acid sequence located betWeen C H1 and CH2 in native immu 
noglobulins or any sequence variant thereof. Analogous 
regions of other immunoglobulins Will be employed, 
although it Will be understood that the size and sequence of 
the hinge region may vary Widely. For example, the hinge 
region of a human IgG1 is only about 10 residues, Whereas 
that of human IgG3 is about 60 residues. 
As used herein, the term Fv refers to a covalently or non 

covalently-associated heavy and light chain heterodimer 
Which does not contain constant domains. As used herein, the 
terms “Fv-SH” or “Fab'-SH” refers to an Fv or Fab' polypep 
tide having a cysteinyl free thiol. The free thiol is in the hinge 
region, With the light and heavy chain cysteine residues that 
ordinarily participate in inter-chain bonding being present in 
their native form. In the most preferred embodiments of this 
invention, the Fab'-SH polypeptide composition is free of 
heterogenous proteolytic degradation fragments and is sub 
stantially (greater than about 90 mole percent) free of Fab' 
fragments Wherein heavy and light chains have been reduced 
or otherWise derivatized so as not to be present in their native 
state, eg by the formation of aberrant disul?des or sulfhydryl 
addition products. 
As used herein, the term “humanized antibody” refers to an 

immunoglobulin amino acid sequence variant or fragment 
thereof that is capable of binding to a predetermined antigen 
and that includes an FR region having substantially the amino 
acid sequence of a human immuno globulin and a CDR having 
substantially the amino acid sequence of a non-human immu 
noglobulin or a sequence engineered to bind to a preselected 
antigen. 
As used herein, the term “control sequences” refers to 

DNA sequences necessary for the expression of an operably 
linked coding sequence in a particular host organism. The 
control sequences that are suitable for prokaryotes, for 
example, include a promoter, optionally an operator 
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14 
sequence, a ribosome binding site, and transcriptional termi 
nators. Highly regulated inducible promoters that suppress 
Fab' polypeptide synthesis at levels beloW groWth-inhibitory 
amounts While the cell culture is groWing and maturing, for 
example, during the log phase may be used. 
As used herein, a nucleic acid is “operably linked” When it 

is placed into a functional relationship With another nucleic 
acid sequence. For example, DNA for a presequence or secre 
tory leader is operably linked to DNA for a polypeptide if it is 
expressed as a preprotein that participates in the secretion of 
the polypeptide; a promoter or enhancer is operably linked to 
a coding sequence if it effects the transcription of the 
sequence; or a ribosome binding site is operably linked to e 
coding sequence if it is positioned so as to facilitate transla 
tion. Generally, “operably linked” means that the DNA 
sequences being linked are contiguous and, in the case of a 
secretory leader, contiguous and in same reading frame. 
Enhancers do not have to be contiguous. Linking is accom 
plished by ligation at convenient restriction sites. If such sites 
do not exist, then synthetic oligonucleotide adaptors or link 
ers are used in accord With conventional practice. 
As used herein, the term “transgene” refers to such heter 

ologous nucleic acid, e.g., heterologous nucleic acid in the 
form of, e.g., an expression construct (e. g., for the production 
of a “knock-in” transgenic animal) or a heterologous nucleic 
acid that upon insertion Within or adjacent a target gene 
results in a decrease in target gene expression (e.g., for pro 
duction of a “knock-out” transgenic animal). A “knock-out” 
of a gene means an alteration in the sequence of the gene that 
results in a decrease of function of the target gene, preferably 
such that target gene expression is undetectable or insigni? 
cant. Transgenic knock-out animals include a heterozygous 
knock-out of a target gene, or a homozygous knock-out of a 
target gene. 
As used herein, the terms “Knock-out” and “conditional 

knock-out” refer to the alteration of a target gene that can be 
activated by exposure of the animal to a substance that pro 
motes target gene alteration, introduction of an enzyme that 
promotes recombination at the target gene site (e. g., Cre in the 
Cre-lox system), or other method for directing the target gene 
alteration. 
As used herein, the term “knock-in” refers to an alteration 

in a host cell genome that results in altered expression (e. g., 
increased or decreased expression) of a target gene, e.g., by 
introduction of an additional copy of the target gene, or by 
operatively inserting a regulatory sequence that provides for 
enhanced expression of an endogenous copy of the target 
gene. “Knock-in” transgenics include heterozygous knock-in 
of the target gene or a homozygous knock-in of a target gene 
and include conditional knock-ins. 
The present invention is also directed to protein or peptide 

compositions, free from total cells and other peptides, Which 
comprise a puri?ed protein or peptide Which incorporates an 
epitope that is immunologically cross-reactive With one or 
more anti-FusM antibodies. 
The skilled artisan Will recognize that epitopes may be 

mapped by simple deletion constructs that incorporate one or 
more epitope(s) that are immunologically cross-reactive With 
FusM. The peptide or protein antigen may include a primary, 
secondary or tertiary structure similar to an epitope located 
Within the FusM polypeptide. The level of similarity Will 
generally be to such a degree that monoclonal or polyclonal 
antibodies directed against the FusM polypeptide Will also 
bind to, react With, or otherWise recognize, the cross-reactive 
peptide or protein antigen. Various immunoassay methods 
may be employed in conjunction With such antibodies, such 














































































